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Abstract.

MetroPed is a tool for supporting Al behaviours in real-time vir-
tual city environments. Given information about the basic geometry
of the environment being modelled, it allows a designer to annotate
and mark-up elements of relevance to Al characters, providing sup-
port for appropriate autonomous Al behaviour in a manner consistent
with the visual representation of the environment. We describe the
tool and mark-up process, providing insight into the importance of
Al tools and principled approaches when attempting to create large
numbers of Al controlled characters for use in real-time applications
situated in urban environments. We also describe how we have been
using the tool in novel ways to research viewer perception of crowd
behaviour.

1 INTRODUCTION

The availability of quality tools is increasingly being recognised as
an important part of the repertoire of game development companies,
and has even been suggested [9] as a significant factor in securing
publishing deals for a number of AAA titles, for example Crytek’s
Far Cry [3].

Here, we describe MetroPed, a proprietary tool that is being used
to support the creation of an inhabited real-time virtual city as part of
our project, called Metropolis. MetroPed provides the designer with a
specialised interface affording real-time feedback. The primary pur-
pose is to ease the definition of schematic Al information for sup-
porting behavioural and cognitive animation of pedestrian crowds. A
parallel representation of the environment is constructed in addition
to that used for rendering, with the specific purpose of informing the
Al decision making processes. Importantly, the tool also supports the
definition of crowd scenarios for viewer perception studies. While
similar tools appear to be widely used in the games industry for sup-
porting character behaviour (Autodesk’s Kynapse for example, see
also [6] and [5]), they have not generally been used to support exper-
imentation, as is the case here.

There are a number of reasons as to why we have chosen to create
a specialised, proprietary Al tool over using more generic tools not
specific to the task, such as text-based interfaces or 3D application
plug-ins.

1. The designer has a specialised GUI to work with, enabling visu-
alisation of concepts that may be tedious to modify using a text-
based interface. For example, character placement is not usually a
difficult task. However, it becomes extremely time consuming if
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one must position large quantities of characters in the absence of
specialised, high-level, intuitive controls.

2. Unlike the approach of extending a third-party graphics pack-

age, for example, creating a plug-in for Autodesk’s 3D Studio
Max, MetroPed is specialised for the task: It constrains the ac-
tivity space so that a novice designer need learn only those as-
pects and features of relevance to Al Since the program is self-
contained, developers are not dependent on changes made to third-
party graphics programs as they are updated, and have full control
over the tool.

3. When marking-up the environment, the designer is presented with

a level of abstraction from the underlying engine. This means that
he/she does not have to be expert in engine programming in order
to be able to define scenarios and add behaviours.

4. The tool can ensure that the designer is constrained to entering

valid, consistent information that will not crash the engine, and
can provide additional help on engine-specific variables and pa-
rameters.

This paper provides an overview of the tool and process that is
used to define and export a simple scenario in Section 3, and then
focuses in more detail on two distinct roles: embedding semantic
behaviour-related information into the scene (see Section 4) and
specifying agent scenario information (see Section 5). In Section 6
we provide an important example of how the tool is being used, not
only to simulate pedestrian behaviour, but also to help conduct per-
ception studies for establishing factors of importance in natural look-
ing crowd behaviour. First, we consider related concepts and work.

2 BACKGROUND

A number of methods exist allowing characters to interact with their
virtual environment. A key factor of differentiation between these
methods concerns where knowledge is stored in the system. One ap-
proach is to endow knowledge separately to individual characters,
an extreme example of which would create autonomous agents that
have their own artificial perceptions, reasoning, memories, etc with
respect to the environment. For many reasons this is a technically
challenging approach.

Another method is to place knowledge into the environment itself,
to create a shared or partially-shared database accessible to charac-
ters. For example, rather than attempt to give the agent the ability
to identify a car, we could provide a label in the car object identi-
fying it as such. This approach can be taken further, so that objects
provide semantic information about themselves e.g. a teapot identi-
fies a grasp point, or even gain control of agents using them, e.g. an
elevator object may position an agent in front of the door so that it
can enter the elevator. According to this smart object methodology



[11], graphical objects are tagged with behavioural information and
may inform, guide or even control characters. Such an approach is
applicable also to crowd simulation in urban environments. For ex-
ample, navigation aids, placed inside the environment description,
may be added by the designer during the construction process. These
have been referred to as annotations [1]. The resulting environment
description contains not only rendering data, but also geometric, se-
mantic and spatial partitioning information for informing pedestrian
behaviour [4],[14], thus transferring a degree of the behavioural in-
telligence into the environment. In [7], for example, skeletal splines
are defined that are aligned with walkways. These splines, called rib-
bons, provide explicit information for groups to use, such as the two
major directions of travel on the walkway.

In addition to environment annotation and mark-up, interfaces for
managing the definition of crowd scenarios have also been investi-
gated. Crowdbrush [15] provides an intuitive way for designers to
add crowds of characters into an environment using tools analogous
to those found in standard 2D painting packages. It allows designers
to paint crowds and apply attributes and characteristics using a range
of different tools in real-time, obtaining immediate feedback about
the results.

3 OVERVIEW

The core task of MetroPed is to define the Al environment in much
the same way that a commercial graphics package would be used
to define the rendering environment. As such, although MetroPed
has basic rendering and simulation capabilities, these are the core
responsibility of the destination engine. Although MetroPed is being
used with the Metropolis visualisation engine, it could also be used
to define environments for other engines.

3.1 Outputs

The output of MetroPed consists of a series of XML files contain-
ing the final annotations and scenarios that have been defined by the
designer. These files are loaded into a separate rendering engine in
addition to the scene meshes, textures and other display data. The
main engine uses the data in the files to position pedestrians and di-
rect their behaviours in real-time.

3.2 Modes of Operation

There are three primary modes of operation: Create, Simulate and
Experiment.

1. Create: This mode allows the designer to mark-up a basic mesh
by defining zones, paths, goals and other points of interest (de-
scribed in more detail in Section 4.1). It also allows the designer
to place pedestrians in the scene and specify starting scenarios, as
described in Section 5.

2. Simulate: This mode allows the designer to run the pedestrian
simulation and visualise the results. This allows the designer to
ensure that any new alterations to the mark-up are functioning as
expected with the pedestrian simulation algorithms. It also allows
for prototyping of the new simulation algorithms.

3. Experiment: This mode allows a grid to be defined, into which
agent formations may be placed, either as predefined in a 3D Stu-
dio Max file or according to automatic rules. This mode has been
used to create experimental scenes with which to support our re-
search on viewer perception of crowd formations [12][2] and is
described in more detail in Section 6.

In Sections 4 and 5, we focus on operations conducted during
the Create and Simulate modes of operation: that is, defining zones,
nodes, paths and other features on the mesh, and specifying the place-
ment of pedestrians within the environment.
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Figure 1. The primary purpose of MetroPed is to annotate an environment
with information to guide the Al for both simulation and user perception
studies. This process involves loading in a blank Annotated Mesh, onto
which annotations are then conducted. Optionally, the scene mesh can also
be loaded in, to provide a visual reference for the designer. The output of the
annotation process is stored in a scene mark-up file.

4 SCENE ANNOTATION

Scene annotation refers to the process of embedding information into
a scene to support crowd behaviours. For example, rather than endow
each pedestrian with some form of sophisticated mechanism to dis-
cern footpaths from roads, it is more practical to specify footpaths
and roads in the environment and then allow the agent to ‘sense’ or
otherwise use this information for decision-making. It is worth not-
ing that in the final simulation, no aspects of the annotated scene
file will ever be rendered or directly seen by the viewer. In con-
trast, agents will only process the annotated scene file - they have
no knowledge of the display geometry.

The first step in our system involves the creation of an annotation
mesh as described next. The mesh is loaded into MetroPed, option-
ally with the scene rendering representation, and is then annotated
by the designer. The result is saved out as a Scene Markup File, as
depicted in Figure 1.

4.1 The Annotation Mesh

The Annotation Mesh, or A-Mesh, is a piece of basic geometry rep-
resenting the ground plane. The A-Mesh is a type of navigation mesh
[13], representing walkable areas of the city environment (see Figure
2). It acts as a base, onto which the designer annotates and adds se-
mantic information, as will be described in Section 4.2. In order for
an A-Mesh to be processed properly within MetroPed and the final
simulation engine, the mesh must be well-formed.
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Figure 2. Depiction of the Annotation Mesh creation phase. In 3D Studio
Max, the city mesh is loaded in (left, top and bottom). Using this as a
reference, the basic annotation mesh is created as a ground plane to represent
the topology of streets and paths (right, top and bottom). It is later loaded
into MetroPed, where the annotation process takes place.

4.2 Process

Once the A-Mesh has been created for a specific environment, the
annotation process begins by loading it into MetroPed. Optionally,
the scene mesh may also be loaded in: this mesh is a visual repre-
sentation of the scene used solely for the purposes of display and
rendering. MetroPed does not conduct any operations on this mesh,
nor does the behaviour system interact with it. For an urban environ-
ment, this mesh will usually correspond to the buildings and other
objects may ease the task for the user of visually placing behavioural
objects in the environment.

In contrast, the A-Mesh represents a blank behavioural slate onto
which behavioural information is added. It contains the basic geom-
etry, such as vertices, edges and faces, that describe the ground fea-
tures of the city - footpaths, roads, junctions, crossings and so on.
It must be carefully created in a 3D graphics program before import
into MetroPed. We used 3D Studio Max for this purpose. MetroPed
allows the user to add behavioural data to this mesh and save it as a
Scene Mark-up file.

4.3 Zones

In terms of the A-Mesh, a zone represents a collection of faces shar-
ing some common spatial aspects (see Figure 3). Each zone is as-
sociated with it’s own simple grid structure that is used for nearest
neighbour calculations during simulation. We have enumerated two
primary zone types of relevance to the A-Mesh, for supporting pedes-
trian behaviours in the city environment: pedestrian zones and road
zones. Of the pedestrian zone types, there are four basic subtypes:
corridors, junctions, crossings and open zones.

1. Corridor zones consist of uninterrupted stretches of pedestrian
corridor. These zones are similar to passages where movement
tends to be bidirectional.

2. Junction zones represent the intersection of two or more corridor
zones.

3. Open zones represent areas of the city that do not fall into the
corridor category and represent wider areas of space.

4. Crossing zones are similar to corridors, but span road zones.

As zones are being defined in MetroPed, connectivity informa-
tion is automatically generated to track the connected zones and also
provide feedback to the designer if invalid combinations of zones
are being placed. A junction must be used to connect different zone
types, for example, to connect two corridor zones directly together,
or a crossing zone to a corridor zone.

Essentially, walking areas in the city environment are modelled
as a connection of a set of corridor, junction, open and crossing
zones. In practice, most of the city consists of interconnected cor-
ridor and junction zones, since these are more common than open
zones and crossings. Although the categorisation is straight forward,
it is a powerful way for partitioning the city and enables a simplifica-
tion of navigation problems. Navigation is considered at two-levels.
At a low-level, navigation is within-zone: that is, the consideration of
how pedestrians can move about within a single zone (Section 4.4).
At a higher level, zones are related to nodes in a navigation graph
allowing for global pathfinding to take place across the whole city
(Section 4.5).

Figure 3. Depiction (top) of environment zoning and global paths, with
nodes shown in red, with zoomed-in view shown (bottom). Zones depicted
in red are pedestrian zones: corridors, junctions and crossings.

4.4 Local Paths

The environment that we model is based on a real European city
and therefore the street layout is neither regular nor trivial. Because
of this, a single pedestrian zone, such as a corridor, may actually
correspond to an area of terrain over which it is difficult to navigate.
Therefore, local paths are used to provide the necessary information
in order to allow pedestrians to navigate within a zone, from one end
to the opposite, without straying outside its borders.

When a zone has been defined and its neighbouring zones have
been established, all edges in the corresponding A-Mesh geometry
for the zone are classified and tagged with connectivity information.
Zone edges are classified into three types (see Figure 4):



1. Border edges are defined as edges where the zone on the oppo-
site side of the edge is not the same as the current zone. Border
edges are important for ensuring containment, i.e. that pedestrians
remain within the confines of the zone in which they are walking.
Imposition of such a rule may be dependent on the type of zone
on the other side of the border edge in question: for example, it
would be more important to enforce the containment rule if there
is no zone on the other side of the edge (specifying a non-walkable
area) or a road zone, than if there is a walkable grass zone. These
behaviours are programmed into the pedestrians, but require the
edge information defined here in order to function.

2. Entry/exit edges are special border edges where the zone type on
the opposite side of the edge is a pedestrian junction zone. The key
purpose of local paths is to allow a pedestrian to navigate from the
entry edge to the exit edge of the zone.

3. Spine edges are interior edges that run along the length of the
zone, perpendicular to its main direction of travel. These edges are
used during the automatic local path generation process to specify
local path nodes.

A local path node is generated on the center position of each spine
edge and entry/exit edge. These path nodes are connected together to
form path connections. The result is a local path that can be used to
guide pedestrians through the zone.

Figure 4. Local paths are specified for corridor zones. Here, A and B are
pedestrian junction zones and C is a pedestrian corridor zone. The border
edges and entry/exit edges (second from the left), spine edges (third from the
left) and local path nodes and connections (rightmost) are shown for zone C.

4.5 Global Paths

Global paths are comprised of connected global nodes. There are
three basic global node types in the current system, although new
types can be added very easily as extra functionality is required.

1. Junction nodes correspond to junction zones and are the most ba-
sic type of global path node, representing the intersection of mul-
tiple connections.

2. Generator nodes describe areas where pedestrians can be added
(or spawned) on the map or removed. For example, these nodes
can be placed at building entrance points to simulate the move-
ment of pedestrians into and out of buildings.

3. Tunnel nodes instruct the rendering engine not to display pedes-
trians that are walking on connections between two consecutive
tunnel nodes. These can be used when pedestrians are walking
through a tunnel and it is not necessary to display them to the
viewer.

All of the global nodes are connected together into a global graph.
This graph is queried by pedestrians to provide global navigation
information based on A* search.
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Figure 5. MetroPed can also be used to specify agent scenarios, defining
initial placement parameters. Although this process does not strictly require
an annotation mesh, in practice, agent placement should take place on the
fully annotated A-Mesh in order to allow the system to enforce constraints,
such as ensuring that pedestrians cannot be placed on road zones.

5 AGENT PLACEMENT AND SCENARIO
SPECIFICATION

MetroPed may also be used the place agents and groups into the
scene in order to specify crowd scenarios. The results can be saved
to an Agent Mark-up file (see Figure 5).

5.1 Agent Behaviour

The are three primary operations involving agents. First of all, the
selection of agent templates (Section 5.2), that define the basic prop-
erties and characteristics to be applied to the agents. Secondly, the
placement (Section 5) of agents within the scene according to the
environment placement constraints selected by the user. Finally, the
simulation of the agents within the environment, according to both
the environment annotation and the characteristics defined for the
agents.

5.2 Agent Definition

A simulation containing agents that all looked and behaved in the
manner would undoubtedly appear unrealistic. Agent templates al-
low agents to be attributed with a degree of individuality in terms of



appearance and behaviour, based on a pool of predefined character
types. An agent template consists of three key components:

1. Locomotion properties: these define the maximum and average
walk speed of the agent.

2. Personality properties: these properties, based on the OCEAN
model of personality [16], may be used to alter behaviour in a
variety of ways according to whatever underlying pedestrian sim-
ulation model is being used. Following the OCEAN model, there
are individual settings for Openness, Conscientiousness, Extraver-
sion, Agreeableness and Neuroticism.

3. Character description: The character description links the be-
havioural aspects of the agent to purely graphical aspects by at-
taching some simple semantic data. A mesh is tagged with an ac-
companying description of the age, gender, physique, attire and
a short textual description. The purpose is to ensure that the be-
havioural traits attributed to an agent are appropriate to the graph-
ical appearance e.g. the maximum speed of an elderly-looking
character should be less that of a character that looks young and fit.
These details are also useful for scripting e.g. when created groups
of characters automatically, specifying that groups containing two
people consist of a female accompanied by male of appropriate
age and matching attire.

It is important to note here that none of these components are nec-
essarily attached to any particular simulation method - the same tem-
plate properties may be used and interpreted differently by different
underlying crowd simulation techniques, depending on the situation.

5.2.1 Agent Data Files

There are two input data files associated with defining agent prop-
erties in MetroPed. These are the character description file and the
agent templates file. As previously mentioned (Section 5.2), the char-
acter descriptions file contains a list of filename references to a mesh
with accompanying semantic categories.
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Figure 6. The agent template window allows character behaviour to be
defined at a high level and to be linked with graphical appearance. Each
agent in the system is associated with a single template.

5.2.2 Agent Templates

An agent template links locomotion and personality traits to a char-
acter description. Each agent in the system is attributed with a single
agent template that defines not only high-level pedestrian behaviour
parameters, but also the appearance of the character. The main rea-
soning behind agent templates is that the behaviour of the character
should be consistent with its appearance. For example, a young char-
acter wearing a tracksuit should have a faster average walking speed
than an older-looking character.

The agent templates window (Figure 6) is used to browse, edit and
save agent templates. Each template consists of a unique template
name, and locomotion and personality properties. A template is as-
sociated with a specific Character Description, which links the tem-
plate to a graphical representation of the character and also contains
a semantic description of the representation, such as the gender, age,
attire and physique of the character depicted. These descriptors have
been made as generic as possible in order to ensure independence
from the underlying steering and decision-making system.

6 RESEARCH APPLICATIONS

MetroPed runs as a separate program from the Metropolis visualisa-
tion engine, the primary display engine, in order to reduce complex-
ity and simplify the code-base with which the Al programmer must
work. The resulting mark-up and scenarios are easily exported from
the tool in a generic file format. This has allowed us to also use it, not
only to aid in the definition and simulation of crowd behaviour, but
also to support the creation of scenes for conducting user perception
studies.
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Figure 7. Process adopted for conducting viewer perception studies of
crowds. (Left) Photographs of real scenes are annotated in order to create
virtual replicas (bottom left). MetroPed (top right) alters details of the real

scenes in order to produce altered versions (bottom right).

Our evaluation methodology consists of four phases (see Figure
7). During the data collection phase, a number of photographs are
taken of one or more locations of interest. These photographs are
manually annotated during the annotation phase, in order to high-
light features of interest. For example, when investigating the forma-
tions and behaviours of groupings of two, three and four individu-
als, each group was designated by a colour-coded ellipse including
all members of the group, highlighting their walking direction. This
enables a quicker visual analysis to be conducted in the scene for
recording general characteristics that are of importance later, during
the reconstruction phase. In this phase, a virtual replica of the scene
is constructed based on the annotated original. This is achieved by
aligning a 3D model of the virtual scene with the real scene by man-
ually tweaking the virtual camera parameters and then positioning
virtual characters in the same locations as their real counterparts.
This provides a relatively close approximation to the original scene
composition. It should be noted that not all the final visual charac-
teristics in the virtual scene will exactly match the original: clothes



colour and other minor details may change. During the final modifi-
cation phase, some of the virtual replicas are automatically altered.
The altered crowd scenes are then presented, along with the repli-
cas, to participants during evaluation studies to discern the impact of
changes made to the scene.

MetroPed is central tool in this process: the ground area where the
scene is located is loaded into the tool and the ground is segmented
into zones and grids which are labelled with terrain and obstacle in-
formation. Once a virtual replica of a crowd scene has been created,
containing the positions and orientations of each pedestrian for a sin-
gle frame, it is also imported into MetroPed. Automatic algorithms
may then be selected by the designer in order to alter aspects of the
crowd based on the ground information previously added. For ex-
ample, in [12], we enumerated a number of basic rules for modifying
pedestrian orientation. The orientations of all individuals in the scene
modified according to one of the following basic orientation rules:
Random rule, where each individual is assigned an orientation cho-
sen at random from one of eight cardinal directions. Uniform rule,
where a single orientation is chosen at random from one of eight di-
rections and all characters are aligned to match it. Even rule, where
individuals are chosen at random and assigned an orientation from
one of the eight cardinal directions so as to fit into an overall even
distribution. We have conducted similar studies in relation to the po-
sitioning of individuals and groups. The use of MetroPed has enabled
us to use many more scenes than would otherwise have been possible
taking a purely manual approach. Nonetheless, further automation of
time consuming tasks remains a key goal for future development, in
order to reduce human burden when assembling experiments. Figure
8 provides a final rendering of an example scene imported into the
Metropolis visualisation engine.

Figure 8. A screenshot of pedestrian behaviour in the Metropolis
visualisation engine.

7 CONCLUSION

We have presented MetroPed, a tool for supporting pedestrian be-
haviour of Al characters in virtual urban environments. It allows a
designer to mark-up the environment with information for use by the
Al and supports the creation of crowd scenarios for visualisation in
the main Metropolis engine. MetroPed stands out from other tools of
its type as it has been designed to aid in the creation of scenarios for
use in experiments: it has been indispensable in reducing the burden

associated with the definition of scenarios in perception studies we
have conducted [12][2].

An important area of future work is to improve the automation
capabilities of the system. This will focus on reducing the burden on
the designer and ease the manual mark-up process within the current
tool, which is dedicated to annotating pre-existing cities. A further
area of research is towards a fully automated annotation system for
procedurally generated cities [10][8]: in this domain, populating the
resultant generated cities with plausible pedestrian crowds continues
to be a key challenge.
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